Treatment of drinking water at the household level is one of the most effective preventive interventions against diarrhea, a leading cause of illness and death among children in developing countries. A pilot project in two districts in Rwanda aimed to increase use of Sûr'Eau, a chlorine solution for drinking water treatment, through a partnership between community-based health insurance schemes and community health workers who promoted and distributed the product.
increasing interest among donors, researchers, and implementers of safe water programs in developing countries.
However, published evidence of the effect of such programs is scarce, particularly evidence from evaluations with strong research design that allows for reliable measurement and attribution of results to the specific intervention. This paper contributes to the evidence base on the effectiveness of community-based approaches to promote POU treatment by presenting results from an innovative pilot project implemented in Rwanda. The project enrolled communitybased health insurance (CBHI) schemes and community health workers (CHWs) to promote and distribute Sûr'Eau ('Safe Water'), a low-cost liquid chlorine-based water disinfectant, to households that were members of the insurance schemes, particularly targeting those with children under five. We conducted a pre-post evaluation with control and intervention sites to measure the impact of the pilot on knowledge and use of Sûr'Eau among target households.
The remainder of this paper presents a description of the pilot project, the evaluation methodology, results and their limitations, and resulting conclusions. Since 2007, Sûr'Eau has been sold throughout the country through two main channels, health centers and commercial outlets at a price of Rwandan Francs 300 ($0.55). However, sales have been very low: about 450,000 bottles were distributed by PSI to these two channels over three and a half years (2007) (2008) (2009) (2010) In Rwanda, CBHI schemes covered 85% of the population in 2008, paying for both outpatient and inpatient care for a wide range of diseases, including treatment for diarrheal diseases. The CBHI schemes in the country have established structures at the district, sub-district, and community level that include elected volunteer CBHI committees. Thus, they have presence at the community level and are involved in promoting disease prevention among the population.
The pilot project was designed in 2007 to explore an approach that could increase the low uptake of Sûr'Eau. The project's implementing partners and district CBHI scheme managers organized a pilot launch event in each district, which included product promotion and demonstrations. A free bottle of Sûr'Eau was offered to each CBHI member household in the initial stage of the pilot. Central components of the pilot were small group outreach sessions conducted regularly by the CHWs and CBHI staff. These sessions provided education on safe water and sanitation, and were used to promote and sell Sûr'Eau at the community level. Messages included in the outreach sessions supported by the pilot were consistent with the information heard through radio, mobile cinema, and at health centers as part of PSI's nationwide social marketing campaign. CHWs were trained to coordinate their outreach and promotional activities in order to reach each community in their area at least once a month, to ensure consistent supply of Sûr'Eau and to monitor correct use in households.
EVALUATION METHODOLOGY
An impact evaluation of the pilot was designed at inception of the project, to measure the effect of the pilot on use of Sûr'Eau among target households. The evaluation used a pre-post design with intervention and control sites. The intervention sites were the two pilot districts, and a comparable district, Karongi, was selected as a control site (Table 1) . The three study districts were chosen by the project partners, Health Systems 20/20 and PSI, in collaboration with the Ministry of Health and the central CBHI advisory board to be comparable based on the criteria of high diarrhea prevalence and frequent cholera outbreaks, as well as high coverage of the population by the CBHI schemes. In addition, the two pilot districts were selected because of strong support for the pilot from the district CBHI management and local government. The sample of households in each time period was selected to be representative of the target population at the district level, and independent samples were selected at baseline and endline. We did not use a panel survey (i.e., surveying the same households in both baseline and endline) because membership in CBHI schemes varies from year to year and the additional focus of the intervention was on households with children under five years. In other words, some households who are eligible for the study at baseline would have become ineligible by the time of the endline due to change in their CBHI membership status or because of children growing to be older than five years.
Households were selected using a two-stage systematic random sampling design. First, a sample of communities (primary sampling units) were selected in each district with probability proportional to size, where size was determined by the number of households. Second, households in sampled communities were selected using a systematic random sampling process and those that were eligible for the study (CBHI members with children under five) were interviewed. The same communities were included in the baseline and endline sample. It is possible that there was some overlap between the baseline and endline samples, although this was not a panel survey. This potential overlap would be due to the fact that many households who were CBHI members at baseline were likely to also be members at endline; and also that many households that had children under five at baseline likely also had under fives at endline.
Free and informed consent of the participants in the study was obtained and the study protocol was approved by the Rwanda National Research Ethics Committee.
Sampling weights reflecting the probability of selection into the sample, were assigned to each household, and were used in all analyses. Data on household assets and housing quality were used to construct a wealth index, employing principal components analysis (Filmer & Pritchett ) . The index was constructed by using the pooled sample of households across the three districts and both survey rounds. The index scores were then ranked and households were divided into five asset wealth quintiles.
The key analytic method employed in the study is adjusted difference-in-differences measures using multivariate linear regression analyses to control for potentially confounding socio-demographic variables including sex of the head of household, household asset wealth quintile, type of water source, education and age of the person in charge of the household's water supply, and time and district effects. All standard error estimates were adjusted for stratification at the district level and clustering at the community level.
In addition, some indicators that were only measured at endline are reported descriptively and compared across the three study districts. Statistical significance of difference in means between districts or between baseline and endline is measured by t-tests for continuous outcomes and by chisquared tests for binary or categorical variables. All analyses were conducted using Stata v.10. There is significant variation in the type of drinking water source used in each district. In Rubavu, 70% of households in the baseline sample get their drinking water piped from a public tap. In Nyagatare, the two most common sources at endline are a public well (36%) and surface water (30%), while in Karongi 67% of households use a public well as their primary source of drinking water.
RESULTS

Sample description
Households in Rubavu and Karongi are classified by the relative asset wealth index as poorer, compared to those in Nyagatare: 62% in Karongi and 38% in Rubavu belong to the poorest two quintiles, compared to 24% for Nyagatare.
In each district, there were few substantial differences overall between the baseline and endline samples in the key household socio-economic characteristics. One notable difference is seen in the type of water sources used in Rubavu where 27% at endline were using a public well, compared to 3% at baseline, and the proportion of those using a public tap had decreased from 70 to 52%. In our regression analyses (presented below) we control for differences in socio-economic variables among districts and between the baseline and endline sample to ensure that such differences do not introduce bias in our estimates of the key dependent variables in household water treatment.
Exposure to pilot activities
A key element of the pilot project was IPC. In the two pilot districts, CHWs and CBHI managers and committees were trained to promote safe water practices in general and Sûr'Eau in particular directly to households, including through IPC conducted during home visits and at community gatherings. CBHI managers at the sub-district level, whose offices are typically based in health center compounds, gave 'health talks' on safe water, hygiene, and sanitation, and promoted Sûr'Eau to patients waiting to be seen at health centers (aiming to reach mothers with young children). In the endline survey, we measured the extent to which these elements of the pilot had reached the target population.
At endline, about 90% of respondents in the pilot districts and 70% in the control district had heard messages on safe water, hand-washing, hygiene, and sanitation in the 
General water treatment practices
The person in charge of water for the household was asked whether he/she did anything to treat the household's drinking water, and if so what was the method used most often.
At baseline, more than half of households in each district reported that they boiled their drinking water, and very few reported use of any other water treatment method.
In the two pilot districts, there was a significant decrease in the proportion of households who said they did not treat their water at all: in Nyagatare, the proportion of households not treating their water decreased from 23 to 14%, and in Rubavu this decrease was from 44 to 25%. In the control district, the proportion of households who said they did not treat their water increased from 38 to 47%.
We did not ask at baseline how frequently those who treated water did so, but added this question to the endline survey. About 60% of those reporting some form of household water treatment at endline said they practiced the method every time they collected water. However, more than half of the respondents who reported at endline that they used Sûr'Eau every time they collected water, later in the questionnaire said that they did not use the product to treat their current drinking water. It should be noted that self-reported water treatment behavior may not reflect accurately actual practiced behavior: for example, there could be a tendency to over-report a behavior that is perceived as socially desirable. However, to the extent that such over-reporting bias is consistent over time, the trends in self-reported behavior likely reflect the trends in actual behavior. At endline, knowledge of correct use of Sûr'Eau was also significantly better in the pilot districts, compared to the control district. Those who had used Sûr'Eau in the past were asked to describe how they used the product;
Effect of pilot on knowledge and use of Sûr'Eau
data collectors used a checklist to record whether respondents mentioned each of the key steps for using the product correctly, which are: fill bottle cap with Sûr'Eau;
pour in 20 l jerry can, close jerry can and shake well; and wait 30 min before drinking the treated water. About a third of respondents in the pilot districts mentioned each of these four key steps, which was a significantly higher proportion compared to the control district where 10% or fewer of respondents mentioned each step. Knowledge of correct use was not measured at baseline.
We measured four key indicators related to use of Sûr'Eau: (1) ever use, (2) self-reported consistent use (defined as self-reported use every time we collect water),
(3) self-reported current use (defined as self-reported use to treat currently stored drinking water), and (4) Use of Sûr'Eau, as measured by these indicators, increased substantially in the two pilot districts between baseline and endline, and remained unchanged in the control district. The key results, summarized in Table 4 , are:
• Ever use: the pilot was associated with a 40-42 percentage point increase in ever use. At endline, the proportion of households reporting ever use of Sûr'Eau reached 59-61% in the pilot districts, but remained at 11-12% in the control district.
• Consistent use (self-reported): the pilot was associated with a 20-23 percentage point increase in consistent self-reported use, which reached 21-22% in the pilot districts and remained at 1-2% in the control district.
• Current use (self-reported): the pilot was associated with 8-9 percentage point increase in current self-reported use; it reached 8-9% in the pilot districts and remained at 1% in the control district. 
Effect of messages and IPC on use of Sûr'Eau
We used multivariate regression analysis of the endline data from all three districts to investigate the effect of different messages and messaging channels on the various indicators of use of Sûr'Eau. We employed a linear regression model controlling for household socio-economic variables, age and education of the person in charge of water, district, and type of water source. Since we could not measure directly actual exposure to specific messages and IPC, we rely instead on self-reported recalled exposure. These results should therefore be considered indicative rather than conclusive, given that there may have selection bias in who was exposed to and who recalled exposure to messages.
To measure recalled exposure to safe water messages in the 6 months preceding the survey, respondents were asked about: (1) hearing or seeing a message on making water safe to drink; (2) hearing or seeing a message Sûr'Eau;
and (3) whether someone had spoken with her in person about Sûr'Eau (which we define as exposure to IPC).
Respondents who recalled hearing a message about
Sûr'Eau or safe water, or receiving IPC about Sûr'Eau were significantly more likely to report using Sûr'Eau and to have a chlorine residual ( months is associated with a 20 percentage point increase in probability of ever use of Sûr'Eau, but was not found to have a significant effect on current use.
Limitations
Our study has a number of limitations. The design that is best suited for measuring impact of an intervention on individual behavior/outcomes is the randomized controlled design, whereby households or villages in the same area are randomly allocated to an intervention and a control group. However, randomization of households or villages was not possible in this pilot because the intervention had to be implemented at the district level in order to assess its implementation feasibility by district-wide CBHI schemes. The key indicators measured by this pre-post study are likely influenced by a multitude of householdlevel factors that cannot be easily observed and measured and may, on average, be different in the intervention and control groups.
Changes over time in population characteristics that were unobservable or not measured could also confound Respondent bias to over-report use of Sûr'Eau could be more prevalent in the intervention districts, where use of the product could have been more likely to be perceived as a socially desirable behavior. Such bias would lead to overestimation of the effect of the pilot on key indicators. As noted earlier, self-reported exposure to messages is subject to recall bias, whereby those who were more likely to report using Sûr'Eau may also be more likely to recall hearing or seeing messages on this product. Recalled exposure to messages and use of Sûr'Eau also might be positively associated with some unobservable (endogenous) characteristic, such as personal motivation to practice healthy behavior. This endogeneity could lead to overestimation of the magnitude of association between actual exposure to messages/IPC and use of Sûr'Eau.
CONCLUSION
Experience with social marketing programs on safe water treatment at the household level has shown limited success in scale up of water treatment by households, even after years of program implementation. Activities implemented at scale by social-marketing programs rely primarily on a mass-media approach to promoting safe water treatment, and on making water treatment products available from retail outlets at the community level (often at subsidized prices). In recent years, IPC by health promoters at the community level (such as non-governmental organizations, CHWs and other staff at health facilities) has gained increasing attention as a strategy to add to the typical social marketing package.
The pilot evaluated in our study demonstrated that introducing promotion and distribution of a safe water product by CHWs alongside social marketing can lead to a significant increase in safe water treatment among the target population within a relatively short time period. Our results are based on a stronger study design than is typically found in evaluations of similar interventions: we rely on preand post-implementation data from both the pilot and a comparable control site, while many studies rely only on post-implementation data or data only from the intervention site.
IPC between CHWs and target households was a key element of the pilot. Our data suggest that exposure to IPC on Sûr'Eau and hearing about the product at community meetings and health centers was associated with an increase in use of the promoted product, but this needs to be explored further through stronger study designs, such as randomized controlled trials. Qualitative research to document the challenges faced and best practices used by the CHWs participating in the pilot is essential to inform program design of a potential expansion of this pilot approach in Rwanda. In other countries, an assessment of existing practices in household water treatment promotion by community health agents would be a starting point in the design of a similar intervention (Behailu et al. ) .
In this pilot, CBHI schemes were used as the vehicle to implement this approach, as they were well-established structures with representation at the community level and 
